The effects of herd of origin by year on the average daily gain (ADG), average daily feed intake (DFI), shoulder height (SDH) and scrotal circumference (SCR) of beef bulls at centralized test centres in South Africa were investigated using data of Bonsmara cattle. Data consisted of post-weaning traits of beef bulls tested between 1990 and 2003, with available weaning weight (WWT) and weaning management group information as well as weaning weights of their contemporaries. A multiple-trait animal model including ADG, DFI, SDH and SCR, together with WWT was used. The model for WWT (adjusted to 205 days of age and age of dam by sex of calf classes) included the fixed effect of management group and random effects of direct additive genetic and dam effects, while the model for post-weaning traits included fixed effects of test group and age of the bull at the end of test (fitted as linear and quadratic regressions) and random effects of direct additive genetic and herd of origin by year (HY) effects. Variance components were estimated using REML procedures. Heritability estimates were 0.27, 0.34, 0.36, 0.51 and 0.46 for WWT, ADG, DFI, SDH and SCR, respectively. The contribution of HY effects to the phenotypic variance of ADG, DFI, SDH and SCR were 9%, 10%, 6% and 5%, respectively. Inclusion of HY effect resulted in the re-ranking of sires, with rank correlations ranging from 0.86 to 0.98 among the top sires, across traits. These results suggest that the HY effect should be included in the model for the national genetic evaluation of post-weaning traits of beef bulls measured at centralized testing centres in South Africa. _______________________________________________________________________________________
Introduction
The Department of Agriculture initiated the central performance testing of beef bulls (Phase C) in South Africa as early as 1963. Over the years, young weaner bull calves have been sent to one of the central testing stations where individual feed intakes and body weights are recorded on a weekly basis. Body measurements are also recorded at the completion of the test.
The integrity of the post-weaning central testing programs has been questioned due to concerns regarding pre-test environmental carry-over (Dalton & Morris, 1978) . The main aim of testing bulls in a centralized centre is to compare them fairly under uniform management and environmental conditions. In South Africa, beef cattle are raised in a wide range of environmental and climatic conditions, and thus bulls may come from herds that differ in environmental conditions and management practices. Before commencement of the test the bulls are allowed a four-week (28 days) preliminary period to adapt gradually to the new environment at the testing centre and to the standardized diet. However, studies have indicated that the herd of origin has an important effect on performance of bulls on test despite the adaptation periods (e.g. Collins-Lusweti & Curran, 1985; Amal & Crow, 1987; Schenkel et al., 2004) . The literature also indicates the existence of a negative environmental correlation between pre-test and test weight gain, indicating compensatory gain on test (e.g. Tong, 1982; Tong et al., 1986; De Rose et al., 1988a) .
De Rose et al. (1988b) and Schenkel et al. (2004) argued that the pre-test environmental carry over effect on performance to the test should be accounted for by using a two-trait animal model, incorporating pre-weaning and test performance. The two-trait individual animal model with maternal effects should include pre-test performance in the herd of origin of a bull to address the within-herd-year aspect of the environmental carry-over, which includes those influences that vary within a herd-year, such as maternal effects. The across-herd-year component of the environmental carry-over, which comprises those effects that are generally consistent within herd-years, such as nutritional plane, health, management factors, etc., should be accounted for by including the herd-year effect in the model for performance in test centres (De Rose et al., 1988a; Schenkel et al., 2004) .
The objectives of this study were therefore to determine the proportion of phenotypic variance accounted for by herd of origin by year effect and to estimate genetic parameters for and amongst weight gain, feed intake, shoulder height and scrotal circumference of young beef bulls at centralized growth test centres in South Africa. Spearman's rank correlations were also computed based on the estimated breeding values to determine the influence of herd of origin by year effect on the genetic evaluation.
Materials and Methods
Data of Bonsmara cattle participating in the South African National Beef Cattle Improvement Scheme (NBCIS) were used in this study. Measurements of post-weaning traits of young bulls collected at the centralized growth test centres were evaluated.
Bull calves are only eligible for testing if they could qualify for registration (or recording) by the breeders' society concerned. Furthermore, the owner should verify that such bulls have been immunized against anthrax, black-quarter, lumpy skin disease and infectious bovine rhinotracheitis (IBR) two weeks prior to arrival at the testing centre. Immunization against gall-sickness, red water and heart water, although not compulsory, is also recommended. Only bull calves between 151 and 250 days of age at arrival and of which the arrival weight falls within a minimum and maximum range per breed (220 -270 kg for Bonsmara) are accepted for testing. On arrival at the testing centre, bulls are given a four weeks (28 days) adaptation period (prior to 1990, for five-weeks) so that they can adapt to the diet and learn to feed from their assigned Calan gates before the commencement of the test. The duration of these centralized tests was originally 20 weeks (140 days), but was shortened to a 16-week (112 days) test-period in 1990, and further reduced to a 12-week (84 days) test-period in 1999, as recommended by Archer & Bergh (2000) . Bulls are fed from individual troughs using electronic feeder gates and have ad libitum access to the feed. Further details of the testing procedures are available in the NBCIS Guidelines (NBCIS, 2005) .
Traits measured in a centralized test are individual feed intake and body weight on a weekly basis, whilst a series of body measurements such as shoulder height (SH) and scrotal circumference (SCR), are measured at the end of the testing period. Average daily gain (ADG) and average daily feed intake (DFI) can then be calculated for each bull at the end of the testing period.
The dataset consisted of ADG, DFI, SDH and SCR of individual bulls tested between 1990 and 2003, with available weaning weight (WWT) and weaning management group information as well as the weaning weights of their contemporaries (herd-mates). Only those animals coming from a weaning contemporary group with three or more sires in the group were considered for the analysis and all records (weaning and post-weaning) greater than three standard deviations from their own contemporary group mean were eliminated. The final data after editing (n = 47493) consisted of 7364 bulls with WWT and post-weaning traits as well as 40129 WWT of their contemporaries, from 2238 sires and 26984 dams. There were 1421 weaning contemporary groups, 502 post-weaning test groups and 727 herd of origin by year groups. Summarized statistics for the data are presented in Table 1 . Guidelines (BIF, 1996) . Age of dam (in days) was grouped into eight categories, as suggested by Bergh & Joosten (2004) . The model currently used for the national genetic evaluation of WWT in the Bonsmara breed was used to obtain Best Linear Unbiased Estimators of each age of dam class for the two sex of calf classes (i.e. 16 age of dam by sex of calf classes) and the solutions were used to pre-adjust the WWT records. The adjustment factors were comparable to the standard age of dam by sex of calf classes adjustment factors, published in the BIF Guidelines (BIF, 1996) .
A series of alternative two-trait analyses was performed to examine the effects of herd of origin by year (HY) and dam (including both maternal additive genetic and permanent environmental effects) on ADG, DFI, SDH and SCR. All two-trait models included WWT along with one of the post-weaning traits measured on test. Weaning weight was included in the analysis of post-weaning traits to account for the within-herd-year component of the environmental carry-over effect on the performance on test (De Rose et al., 1988b) . Pollack & Quaas (1981) indicated that including information from correlated performance to weaning would also account for selection of bulls entering test stations. For ADG, the most complete twotrait model (M1) used was:
where in (1) WWT ijk is the weaning weight (adjusted to 205 days of age and the age of dam by sex of calf classes); C k is the fixed effect of the kth weaning contemporary group (herd + weaning date + management code); G i is a random direct additive genetic effect of the ith animal; D j is the random dam effect (genetic + permanent environmental) of the jth dam; E ijk is the random residual effect, and in (2) , respectively, where A is the Wright's numerator relationship matrix and I is the identity matrix of appropriate orders. All random effects were assumed correlated between traits.
Although a more traditional approach would be to fit the HY as a fixed effect, the HY effect on postweaning traits was fitted as random in order to estimate its variance. The data structure had many small HY groups and too much information would be lost if it was treated as a fixed effect. Furthermore, genetic evaluation of post-weaning traits would likely involve an even larger proportion of small HY groups, which would make fitting HY as a fixed effect unfeasible (Schenkel et al., 2004) .
A further traditional approach of accounting for maternal effect for weaning weight would be to fit both maternal additive and permanent environmental effects. However, in the current analysis, a random dam effect was fitted in the place of maternal additive and permanent environmental effects for both weaning and post-weaning traits to create a more sparse system of equations, enhancing the analysis (Schenkel et al., 2004) .
The most complete two-trait models (M1) for DFI, SDH, SCR with WWT were similar to the model described above. The second set of two-trait models (M2) did not include the D effect for post-weaning traits, and the third set (M3) excluded the HY effect for post-weaning performance traits in Eq. (2). The models were compared based on the likelihood ratio test statistic (LRT). The LRT has a chi-square distribution with the degrees of freedom equal to the difference in the number of parameters between the full and reduced models. The critical value can usually be obtained from a chi-square table. Based on the results of the LRT test, a multiple-trait animal model which included WWT, ADG, DFI, SDH and SCR was used to estimate (co)variance components for weaning and post-weaning traits on test. All analyses were carried out using the VCE package developed by Groeneveld (1994) .
The resulting variance components were used to estimate breeding values (EBVs) for all the animals in the entire Bonsmara database (n = 1 045 142) using the multiple-trait models including or excluding the HY effect on the post-weaning traits. Spearman's rank correlation was computed between the two sets of
Results and Discussions
The LRT was computed between the full model (M1) and other models (M2 and M3) to test for the effects of dam and HY on post-weaning traits on test, and the results for ADG are presented in Table 2 . The importance of the D effect on ADG was evaluated by comparing models M1 and M2. Models M1 and M3 were used to assess the importance of the HY effect. Based on the LRT, the full model (M1) was superior to model M3, indicating an important HY effect in the model for ADG. However, the full model was not superior to model M2, indicating the dam effect was not relevant for ADG. The estimated proportions of variance relative to phenotypic variance also indicated that the dam effect was small and within two standard deviations from zero. Alternative two-trait models for DFI, SDH and SCR also showed the same trend, and consequently the dam effect was excluded from the model for post-weaning traits in the subsequent multipletrait analysis. Schenkel et al. (2004) also indicated the dam effect was not important in the analyses of postweaning performance on test. Table 2 Model comparisons and estimated proportions of variances (with s.e.) with respect to phenotypic variances using alternative two-trait models for average daily gain (ADG) and weaning weight (WWT) Estimates of variance ratios with respect to phenotypic variance for direct additive (G), dam (genetic + permanent environmental; D), weaning herd of origin by year (HY), and residual (E) effects from a multipletrait animal model of post-weaning traits on test and weaning weight are presented in Table 3 . The proportions of the phenotypic variance attributable to the effect of herd of origin by year were 9%, 10%, 6% and 5% for ADG, DFI, SDH and SCR, respectively. The contribution of the HY effect to the phenotypic variance was 8% for estimated weight gain on test in the study by Schenkel et al. (2004) . Mantovani et al. (1999) analyzed ADG on 940 bulls from a central test station in Italy, and also reported an important effect of herd of origin of the bull. Collins-Lusweti & Curran (1985) , Tong et al. (1986) and Liu & Makarechian (1993) also reported similar variation due to herd of origin on ADG of bulls on test. Schenkel et al. (2002) used a random regression single-trait analyses and demonstrated the permanent nature of this effect on estimated weight gain on test over the entire testing period. Schenkel et al. (2004) also indicated that the HY variation reported in their study was more likely associated with real pre-weaning environmental effects than other sources of variation such as genetic and maternal effects. , hy 2 , and e 2 are the proportion of phenotypic variance due to direct additive genetic, dam, herd of origin by year and residual effects, respectively. The standard error was 0.01 for all the variance ratios b WWT = weaning weight (adjusted to 205 days of age); ADG = average daily gain; DFI = average daily feed intake; SDH = shoulder height; SCR = scrotal circumference
The proportions of phenotypic variance attributable to direct additive genetic effect were 0.27, 0.34, 0.36, 0.51 and 0.46 for WWT, ADG, DFI, SDH and SCR, respectively (Table 3) . De Rose et al. (1988a) reported heritabilities, averaged across breeds, of 0.25, 0.44, 0.85, and 0.53 for pre-weaning ADG, teststation ADG, SDH and SCR, respectively. Maiwashe et al. (2002) analyzed data of Bonsmara bull calves participating in the on-farm growth tests, and reported estimates of heritabilities of 0. 29, 0.19, 0.42 and 0.46 for WWT, ADG, SDH and SCR, respectively. Schenkel et al. (2002) using a random regression model indicated that the estimate of heritability for gain on test increased over time, being maximum at the end of test (0.38), comparable with the current estimate of 0.34. Schenkel et al. (2004) used two-trait analyses of pre-weaning gain and estimated weight gain on test, and reported heritability estimates of 0.36 for pre-weaning gain and 0.34 for estimated gain on test. The weighted average estimates of heritabilities are 0.24, 0.31, 0.34, 0.61 and 0.48 for WWT, post-weaning gain, feed intake, yearling height and SCR, respectively (Koots et al., 1994a) .
The estimated additive genetic and herd of origin by year correlations among WWT, ADG, DFI, SDH and SCR are reported in Table 4 . Estimates of genetic correlations amongst traits were low to moderate, with the exception of ADG with DFI. The high positive genetic correlation (0.73) between ADG and DFI could be unfavourable because selecting for fast growing animals would lead to correlated increase in feed intake. The estimated genetic correlations are well within the range of published estimates (Koots et al., 1994b; Maiwashe et al., 2002; Schenkel et al., 2004) . The estimated herd of origin by year correlations ranged from -0.23 to 0.71. Several studies (e.g. Tong, 1982; Tong et al., 1986; De Rose et al., 1988a) indicated the existence of negative residual correlations between pre-test and test performance, especially for weight gain. Schenkel et al. (2004) The impact of including or excluding the HY effect on the genetic evaluation of post-weaning traits was determined by assessing the rank changes among the top sires. Spearman's rank correlations were greater than 0.99 for ADG, DFI, SDH and SCR when all the sires were considered. However, when the top 10% of all sires were considered, rank correlations were 0.94, 0.93, 0.97 and 0.98 for ADG, DFI, SDH and SCR, respectively. Rank correlations were 0.86, 0.88, 0.91 and 0.95 for ADG, DFI, SDH and SCR respectively, when the top 1% of all the sires was considered. These results indicate re-ranking among the top sires, for example, 14% of the top 1% of selected sires based on the model including the HY effect would not be selected if the HY effect was excluded in the model for ADG. Mantovani et al. (1999) and Schenkel et al. (2004) found larger changes in rank than in the current study when models with or without the HY effect on post-weaning traits were compared.
Conclusion
The present study investigated the consequences of excluding herd of origin by year effect on the genetic evaluation of ADG, DFI, SDH and SCR at centralized test centres of young beef bulls in South Africa. Herd of origin by year has an important effect on the post-weaning traits of beef bulls measured at test centres, despite the 28-day adjustment period. A multiple-trait animal model for the national genetic evaluation of post-weaning traits of beef bulls measured at central testing centres in South Africa should include the effect of herd of origin by year, together with pre-weaning information.
